A collaborative multicenter study was conducted to evaluate the sensitivity, specificity, and precision of a three-step, fully automated, qualitative microparticle-based enzyme-linked immunoassay (AxSYM HIV Ag/Ab Combo; Abbott Laboratories), designed to simultaneously detect (i) antibodies against human immunodeficiency virus type 1 (HIV-1) and/or type 2 (HIV-2) and (ii) HIV p24 antigen. A significant reduction in the HIV seroconversion window was achieved by combining detection of HIV antibodies and antigen into a single assay format. For 22 selected, commercial HIV seroconversion panels, the mean time of detection with the combinedformat HIV antigen-antibody assay was reduced by 6.15 days compared to that with a similar third-generation single-format HIV antibody assay. The quantitative sensitivity of the combination assay for the p24 antigen (17.5 pg/ml by use of the p24 quantitative panel VIH SFTS96) was nearly equivalent to that of single-format antigen tests. The combination assay demonstrated sensitive (100%) detection of anti-HIV immunoglobulin in specimens from individuals in CDC stages A, B, and C and from individuals infected with different HIV-1 group M subtypes, group O, or HIV-2. The apparent specificity for hospitalized patients (n ‫؍‬ 1,938) was 99.90%. In a random population of 7,900 volunteer blood donors, the specificity (99.87%) was comparable to that of a third-generation single-format HIV antibody assay (99.92%) on the same donor specimens. In addition, the combination assay was robust to potential interfering specimens. The precision of the combination was high, with intra-and interrun variances of <9.3% for each precision panel specimen or assay control and <5.3% for the negative assay control.
Combined, simultaneous detection of anti-human immunodeficiency virus (anti-HIV) immunoglobulin and HIV core protein distinguishes fourth-generation (combination assay) HIV screening and diagnostic immunoassays from third-generation (double-antigen sandwich) antibody detection immunoassays (5, 6, 12, 15-18, 27, 30-32) . Prior to the introduction of fourth-generation assays, commercial immunoassays for blood screening and diagnosis of HIV infection were based either on detection of HIV core (p24) protein (1, 14, 22) or on detection of HIV-specific antibodies, notably those antibodies directed against HIV transmembrane proteins (tmp). Antibodies against these proteins consistently appear during seroconversion of HIV-infected individuals and remain throughout the course of infection (2, 3, 7, 19, 24, 26) . Fourth-generation immunoassays have targeted reduction of the seronegative window period to achieve a continued decrease in the residual risk of transfusion-transmitted HIV infection (5, 6, 12, 15-17, 27, 30-32) . Combining antibody and antigen detection in a single immunoassay format achieves a reduction in the seroconversion window because HIV core protein (p24) appears transiently in the blood and has been used as a marker of antigenemia prior to a detectable humoral immune response to HIV infection (1, 4, 9, 11, 13, 14, 22, 29 Antigen (p24) testing in a combined (fourth-generation) format has been estimated to reduce the seroconversion window by a few days to as much as ϳ2 weeks in comparison with third-generation single-format antibody detection assays (5, 12, 18, 25, 27, 28, (30) (31) (32) . Despite enhanced seroconversion sensitivity, fourth-generation assays will be most valuable only if the specificity and sensitivity of individual antibody and antigen detection formats are not compromised when they are combined into a single immunoassay. Sensitive combination assays will need to detect antigen at levels equivalent to those of single-format antigen assays in order to be recommended as replacements for current antigen tests (5, 6, 15, 18, 32) . This prerequisite, however, presents a considerable technical challenge not met by all combination assays (5, 6, 12, 15, 28) . In addition, not all combined formats have achieved the low (nonconfirmed) repeat-reactive rates expected of blood donor screening and diagnostic assays that result in high specificities such as those typically displayed by third-generation singleformat antibody assays (5, 12, 17, 23, 25, 32) . In this report we describe a multicenter evaluation of a fourth-generation, fully automated HIV combination assay (AxSYM HIV Ag/Ab Combo MEIA [AxSYM Combo]; Abbott Laboratories, Abbott Park, Ill.), and we demonstrate an antigen assay sensitivity approaching that of single-format antigen tests, achievement of a specificity equivalent to that of a third-generation singleformat antibody assay, and a high degree of total precision.
MATERIALS AND METHODS
AxSYM Combo. AxSYM Combo combines microparticle, fluorescence, and enzyme-linked immunoassay technologies into an automated, random-access system. After specimens are loaded into the instrument, AxSYM mixes serum or plasma specimens with a detergent-enriched, buffered specimen diluent formulated to disrupt HIV for optimal p24 exposure and to decrease or eliminate nonspecific or interfering reactions of undesirable plasma or serum components with the microparticles. Microparticles, the specimen dilution buffer, and the specimen are incubated together in the first step. Serum or plasma antibodies (immunoglobulin G [IgG] or IgM against the HIV tmp gp41) are captured via microparticle-bound recombinant proteins (purified after expression in Escherichia coli or Bacillus megaterium) presenting key antigenic portions of tmp representative of HIV type 1 (HIV-1) group M, HIV-1 group O, or HIV-2. Serum or plasma antigen (HIV p24 core protein) is captured via microparticlebound monoclonal (anti-p24) antibodies. After incubation, AxSYM transfers microparticles bearing immune complexes to a porous matrix. The matrix retains the microparticles and separates microparticle-bound immune complexes from unbound serum or plasma components. After transfer, AxSYM washes the matrix to remove all unbound components or materials.
In the second step, antibody (anti-tmp) and/or antigen (p24 core antigen) sandwiches are formed by automated addition of biotinylated probes (biotinylated recombinant tmp, biotinylated peptides derived from the immunodominant regions of tmp, and biotinylated monoclonal [anti-p24] antibodies) to microparticle-bound immune complexes. Biotinylated probes are presented in a buffered diluent (probe diluent) formulated to enhance immune binding and to limit nonspecific interactions between probes and solid-phase components. After an incubation period, AxSYM washes the matrix and removes unbound materials.
In the third step, biotinylated probes bound to the solid phase via sandwich formation are reacted with an anti-biotin rabbit antibody complexed with alkaline phosphatase (conjugate) presented in a diluent formulated to enhance the formation of biotin-anti-biotin immune complexes and to limit nonspecific binding of the conjugate. After an incubation period, unbound, excess conjugate is washed away. AxSYM detects the formation of antibody (anti-tmp) and antigen (p24 core protein) immune complexes by automated addition of 4-methylumbelliferyl phosphate, which is a fluorescent substrate for alkaline phosphatase. As 4-methylumbelliferyl phosphate is converted to methylumbelliferone by alkaline phosphatase, AxSYM detects and quantifies the fluorescent signal. The signal is proportional to the amount of antibody (anti-tmp) or antigen (p24 core protein) contained in the original plasma or serum sample. Additional, detailed technical information is contained in the AxSYM Combo LN2G83 package insert.
The AxSYM Combo assay cutoff value (the rate units of the index calibrator plus 27.5 rate units) was determined from previous studies and was maintained throughout this study. AxSYM stores the mean rate of three index calibrator replicates, calculates the cutoff by adding 27.5 rate units, and delivers specimen results as a ratio of the specimen signal (in rate units) to the cutoff value (S/CO). S/CO ratios of Ն1 were reactive and indicated the presence of anti-HIV immunoglobulin and/or p24 antigen (markers); ratios equal to or greater than 0.90 and less than 1.0 were in the gray zone; and ratios of Ͻ0.90 were negative or nonreactive for the marker(s Specimens. Human specimens used in this study were collected according to each country's relevant guidelines and each vendor's relevant institutional policies. In addition to specificity testing against specimens from random blood donors and hospital patients, AxSYM Combo was evaluated against a panel of plasma specimens (n ϭ 319) from non-HIV-infected patients with a variety of diseases, disorders, infectious agents, or conditions which might cause inaccurate test results. These included specimens from (i) individuals with previous or current infection with hepatitis B virus (HBsAg positive) (n ϭ 15), cytomegalovirus (n ϭ 15), Epstein-Barr virus (n ϭ 10), herpes simplex virus (n ϭ 15), or hepatitis A virus (n ϭ 15) (all from Pyramid Profile Diagnostics, Sherman Oaks, Calif.), hepatitis C virus (n ϭ 10), human T-cell leukemia virus type I (n ϭ 10), or human T-cell leukemia virus type II (n ϭ 10) (all from Impath BioClinical Partners, Franklin, Mass.), or rubella virus (n ϭ 15) (Pyramid Profile Diagnostics); (ii) individuals with previous or current infection with Candida albicans (n ϭ 10), Toxoplasma gondii (toxoplasmosis) (n ϭ 15), Treponema pallidum (syphilis) (n ϭ 15), or E. coli (blood and/or urine culture positive) (n ϭ 9) (supplied by Pyramid Profile Diagnostics [T. pallidum and T. gondii], ProMedDx [E. coli], and BioScientia [C. albicans]); (iii) individuals with rheumatoid factor (n ϭ 12) (Uniklinikum Aachen, Aachen, Germany, and Pyramid Profile Diagnostics), anti-nuclear antibodies (n ϭ 14) (Pyramid Profile Diagnostics), elevated levels of IgG (n ϭ 10) or IgM (n ϭ 10) (Millennium Biotech, Fort Lauderdale, Fla.), multiple myeloma (n ϭ 9) or monoclonal gammopathy (n ϭ 10) (BioClinical Partners), or HAMA (human anti-mouse antibody) (n ϭ 10) (Scantibodies); (iv) pregnant females in the 1st (n ϭ 26), 2nd (n ϭ 17), or 3rd (n ϭ 17) trimester, or multiparous females (n ϭ Precision. The assay precision was evaluated at each testing center by using controls consisting of a negative index calibrator, negative control, positive control 1 (human anti-HIV-1 plasma), positive control 2 (human anti-HIV-2 plasma), viral lysate positive control (gradient enriched, lysed HIV-1 in Tris buffer), and a proficiency panel consisting of two human anti-HIV-1 plasma specimens, two human anti-HIV-2 plasma specimens, one specimen containing a mouse monoclonal antibody (anti-HIV-1 group O tmp) in negative human plasma, and one specimen containing p24 purified from HIV-1 in negative human plasma (delivered frozen). The controls and panel samples were evaluated at 10 independent sites on 10 instruments, with the exception of the HIV-1 p24 proficiency panel member tested at 8 sites on 8 instruments. Nine sites tested two different lots of controls, and one site tested three different lots of controls. All samples were tested in triplicate over three runs. At one site, the controls and panel samples were tested on one reagent kit (clinical) lot; at eight sites, they were tested on each of two reagent kit (clinical) lots; and at one site, they were tested across four different reagent kit (clinical) lots. The within-run and between-run standard deviations (SD) and coefficients of variation (CV) were analyzed by variance component analysis using a mixed analysis of variance model (20) .
Specificity and sensitivity. Specificity was determined with samples from random blood donor populations (7,900 specimens collected from seven blood screening centers and comprising 6,352 serum samples [distributed over five testing sites] and 1,548 plasma samples [distributed over two testing sites]) and diagnostic populations (1,938 specimens collected from patients in six hospitals, with testing distributed over five sites). Specificity was defined as the percentage of HIV marker-negative specimens correctly identified as nonreactive in populations at low risk of HIV infection and was calculated as [TN/(TN ϩ FP)] ϫ 100, where TN (true negatives) is the number of HIV RNA-and HIV markernegative specimens correctly identified by the AxSYM Combo as nonreactive (negative), FP (false positives) is the number of HIV RNA-and HIV markernegative specimens incorrectly identified as repeat reactive (positive) by the AxSYM Combo, and TN ϩ FP is the sum of all specimens in the study population (10) . Specimens that were initially reactive (S/CO, Ն1.0) or initially gray zone reactive (0.9 Յ S/CO Ͻ 1.0) in AxSYM Combo and/or AxSYM gO were retested in duplicate in both assays, and those that were repeatedly reactive and/or repeatedly gray zone reactive were analyzed by supplemental tests including the Amplicor HIV-1 Monitor (ultrasensitive HIV RNA procedure), New LAV Blot I and New LAV Blot II (interpreted for the presence of antibodies against HIV according to German standard DIN 58969-41 [July 1994]), and/or HIV Antigen MAB and HIV Antigen Confirmatory (to detect HIV p24 antigen). Repeat-reactive specimens that contained detectable HIV RNA, HIV antigen, or anti-HIV immunoglobulin were confirmed as positive and omitted from the specificity calculation.
Sensitivity was defined as the percentage of HIV marker-positive specimens correctly identified as repeat reactive in pedigreed specimens containing detectable anti-HIV immunoglobulin, HIV p24 antigen, or HIV RNA and was calculated as [TP/(TP ϩ FN)] ϫ 100, where TP (true positives) is the number of repeat-reactive specimens containing HIV markers or HIV RNA, FN (false negatives) is the number of specimens containing at least one HIV marker incorrectly identified as nonreactive (negative), and TP ϩ FN is the sum of all the specimens in the sensitivity study (10) .
RESULTS
Precision results for the AxSYM Combo assay are recorded in Table 1 . Within-and between-run SD and CV for all panel members were within expected values compared to other AxSYM assays, and all CV were less than 10%. Within-and between-run CV ranged from 4.5 to 5.3% and 5.5 to 6.6%, respectively, for kit controls (negative control, positive control 1, positive control 2, and viral lysate positive control) and from 3.7 to 7.2% and 4.6 to 9.3%, respectively, for the other proficiency panel members.
The specificity of the AxSYM Combo was estimated in lowprevalence blood donor populations and compared to the specificity of the AxSYM gO using the identical specimens ( Table 2 ). It is noteworthy that in the random blood donor population (n ϭ 7,900), two AxSYM Combo repeat-reactive specimens were not initially reactive by the AxSYM Combo assay. These specimens were initially reactive by the AxSYM gO and were retested by the AxSYM Combo. The specificity of the AxSYM Combo improved from 99.87 to 99.90% when these two specimens were removed from the specificity calculations. Regardless, the specificity of the AxSYM Combo lies within the 95% specificity confidence interval for the AxSYM gO, indicating that the specificities of the two assays are statistically equivalent. The cutoff value for the AxSYM Combo was 9.8 SD from the mean of the negative (random blood donor) population, similar to that for the AxSYM gO (10.9 SD from the mean of the negative population). The specificity of the AxSYM Combo also was estimated by using a higher-risk hospital (diagnostic) population (Table 2) . Based on 1,938 random patient specimens, the specificity of the AxSYM Combo was 99.90%, slightly higher than that of the AxSYM gO and within the 95% confidence interval for AxSYM gO specificity in the same diagnostic population. Seven repeat-reactive specimens identified by both assays were removed from the specificity calculation because they contained detectable anti-HIV immunoglobulin or HIV RNA by methods listed previously. When all specimens (n ϭ 9,838) were used, the specificity of the fourth-generation combination assay (99.88%) was nearly identical to the specificity of the third-generation single-format antibody assay (99.91%).
During testing of the AxSYM Combo against a panel of 319 specimens (from non-HIV-infected individuals) containing potential interfering substances, only 5 samples were identified as repeat reactive (data not shown). These specimens belonged to individuals with E. coli infection (n ϭ 2) (S/CO, 2.8 and 4.4), rheumatoid factor (n ϭ 1) (S/CO, 1.7), or monoclonal gammopathy (n ϭ 2) (S/CO, 17.8 and 2.1).
Panels of pedigreed HIV-1 and HIV-2 specimens were evaluated in order to determine the qualitative sensitivity of the AxSYM Combo compared to the AxSYM gO ( Table 3 ). The AxSYM Combo readily detected all specimens containing anti- (Fig. 1A through C, respectively) . These data demonstrated that the AxSYM Combo had ample sensitivity to detect HIV-1 infections (anti-HIV-1 immunoglobulin), although the means of S/CO ratios for the specimens from staged patients were slightly greater for the AxSYM gO. Additionally, specimens containing anti-HIV-1 immunoglobulin against specific group M subtypes ( Fig. 2A) were slightly more reactive by the AxSYM Combo than by the AxSYM gO. Further comparisons of S/CO ratios demonstrated that specimens from individuals infected with HIV-1 group O (Fig. 2B ) or HIV-2 ( Fig. 2C) were more reactive by the AxSYM Combo than by the AxSYM gO. Of 25 specimens (Table 3) containing at least 25 pg of HIV antigen/ml but no antibody, all were detected at S/CO ratios ranging from 1.15 to 71.37; the remaining 25 specimens containing antigen and antibody also were reactive. A panel of 179 random specimens collected from individuals at high risk for HIV infection was tested in order to further assess the qualitative sensitivity of the AxSYM Combo compared to that of the AxSYM gO (Table 4) . Perfect concordance between the assays was observed because the same 42 LAV Blot I (Western blot)-confirmed positive specimens were identified by each assay. Reactive samples were represented as follows: homosexual males (29 of 40), individuals with sexually transmitted diseases (5 of 40), hemophiliacs (6 of 19), and multiply transfused individuals (2 of 30).
The seroconversion sensitivity of the AxSYM Combo was The remaining specimens in the populations are considered to be negative for HIV markers and HIV infection (true negatives).
d
Two specimens were initially negative by the AxSYM Combo but initially gray zone reactive by the AxSYM gO; upon restesting in both assays (per the evaluation protocol), these specimens were low-level repeat reactive in the AxSYM Combo. In a laboratory setting without special specificity protocols, these two samples would not have been identified as repeat reactive.
e Seven repeat-reactive specimens were confirmed as positive for HIV RNA (1 specimen) or anti-HIV-1 immunoglobulin (6 specimens), leaving 2 (AxSYM Combo) or 3 (AxSYM gO) nonconfirmed repeat-reactive specimens for calculation of specificity. a Pedigreed specimens containing antibody (Ab) against HIV-1 or HIV-2 and/or HIV-1 p24 antigen (Ag). Specimens were from diverse geographical regions including Arabia, Argentina, Belgium, Brazil, Cameroon, China, Ethiopia, France, Germany, Ghana, Great Britain, Ivory Coast, Iran, Italy, Kenya, Korea, Mozambique, The Netherlands, Nigeria, Poland, Romania, Spain, Syria, Thailand, Togo, Turkey, Uganda, the United States, Zaire, and Zimbabwe.
b All specimens contained detectable levels of HIV-1 p24 antigen estimated to be in excess of 25 pg/ml. Half of these specimens also contained detectable antibody.
assessed against 22 commercial HIV-1 seroconversion panels (Table 5 ) and compared with that of the AxSYM gO. In the seroconversion panels selected for this study, the mean time delay (days) from detection of an HIV marker (antigen and/or antibody) with the AxSYM Combo to detection with the AxSYM gO was 6.15 days, and the longest delay was 20 days. The AxSYM Combo was reactive 1 to 2 bleeds earlier than the AxSYM gO for 18 of 22 panels and was equally reactive in 4 of 22 panels. In addition, a detailed inspection of results from three selected seroconversion panels (Table 6 ) demonstrated that the antigen-driven seroconversion sensitivity of AxSYM the Combo often was equivalent to that of single-format antigen tests. In other selected seroconversion panels, specimens containing p24 antigen (and no detectable antibody) were reactive in the AxSYM Combo 1 bleed date later than in an antigen test.
Quantitative HIV-1 p24 antigen sensitivity was evaluated by using an HIV antigen panel (VIH SFTS96Ј) across three different manufactured lots of reagents. Although the S/CO ratios for all quantitative panel members (2023 to 2029) are shown in Table 7 The average sensitivity of the three lots was 17.5 pg of p24 antigen/ml of plasma. In addition, equivalent detection of group M subtype p24 (subtypes A, B, C, D, F, and G) and group O p24 has been reported elsewhere (16) .
DISCUSSION
The fourth-generation HIV combination assay described in this report (AxSYM Combo) meets sensitivity, specificity, and precision requirements that permit safe and effective detection of sera or plasma from HIV-infected individuals. Individual antibody and antigen detection formats have been combined into a single immunoassay exhibiting an antibody sensitivity equivalent to that of third-generation single-format HIV antibody assays and an antigen sensitivity nearly equal to that of single-format antigen tests. The combined-format assay accelerates detection of HIV infection by 6.15 days within the seroconversion window period defined by seroconversion panels selected for these studies. The assay is designed to detect p24 antigen prior to seroconversion (in the absence of p24 antibody and p24 antibody-p24 antigen immune complexes), with a seroconversion window that is reduced compared to those of assays that detect only antibodies elicited against HIV.
The quantitative antigen sensitivity of the combined immunoassay was estimated at 17.5 pg of p24/ml of plasma, a value closely approaching that of single-format antigen detection assays evaluated in a study by Laperche et al. (15) . In contrast to the antigen sensitivity of the AxSYM Combo, the authors (15) noted that other combined-format assays were manyfold less sensitive (65 to 250 pg/ml) than the single-antigen detection formats (8 to 15.7 pg/ml). Of course, comparisons of quantitative sensitivity are primarily dependent on the quantitative standard, and for that reason we selected the "Ag VIH SFTS96Ј" panel (French Society of Blood Transfusion) for our studies. The antigen sensitivity of commercial combination assays often is lower than standards set by current single-format antigen assays (8, 15, 18, 21) . Delforge et al. (8) noted significant differences in the reactivities of commercially available combination assays against a patient specimen apparently containing a high level of p24 antigen (1,600 pg/ml), resulting in one selected combination assay producing a false-negative result. Further, the study (8) noted that one combination assay may be even less sensitive than third-generation single-format antibody detection assays. Additionally, Mukadi et al. (21) noted that a third-generation single-format antibody detection assay (AxSYM gO) was more sensitive than an unrelated commercial combination assay. These observations emphasize the sensitivity issues that may arise when individual antigen and antibody formats are combined into a single format (28) . Although antigen sensitivity is of particular value because it is the key driver of seroconversion sensitivity (5, 6, 8, 12, 15, 18, 25, 27, 28, (30) (31) (32) , antibody sensitivity must be maintained in order to detect specimens that may contain barely detectable levels of antibody or very low levels of both antibody and antigen. Sensitivity is the most important performance characteristic of an HIV screening or diagnostic assay, and it should not be compromised for any reason.
The reduction in the seroconversion window achieved with the AxSYM Combo was consistent with sensitive (17.5 pg/ml) antigen detection. Close inspection of the commercial seroconversion panels (and their associated vendor data) selected for this study revealed that in 17 of 22 (77%) seroconversion panels, the combined immunoassay was reactive against the earliest positive bleed detected by a single-format antigen (or antibody) assay, and the mean time delay between a sensitive antibody assay (the AxSYM gO) and the AxSYM Combo was 6.15 days. The data clearly demonstrate that the combined format detects specimens from HIV-antigenemic seronegative individuals and therefore reduces the risk of transfusion-transmitted HIV infection due to seronegative donations during the window period. The mean time delay (6.15 days) is in agreement with the findings of several other reports examining HIV combination assays (5, 12, 15, 18, 25, 27, 28, (30) (31) (32) . However, estimations of mean time delay are dependent on the serocon- version panels selected, particularly the time intervals between collection of specimens, and the comparative tests employed. Ly et al. (16, 18) and others (6, 15, (30) (31) (32) have attempted to provide a frame of reference across multiple seroconversion panels and multiple HIV combination assays, including the AxSYM Combo. Comparisons between combination assays are most meaningful when identical seroconversion panels are evaluated across assays run concurrently.
It is noteworthy that Ly et al. (16) reported the AxSYM Combo to be sensitive for (p24) antigen from multiple HIV-1 group M subtypes. Remarkably, the AxSYM Combo displayed little or no difference in antigen sensitivity across group M and group O isolates. In contrast, one selected commercial HIV combination assay was specifically insensitive to antigen from an HIV-1 subtype C isolate, and a second combination assay was generally less sensitive than the AxSYM Combo against antigens from group M subtype isolates and was specifically insensitive to antigen from a group O isolate (16) . Future improvements to estimations of antigen sensitivity across subtypes and groups of HIV-1 should include quantitative standards for each (p24) antigen.
Antibody sensitivity in the combined format was equivalent to or better than that of a related, sensitive, third-generation single-format antibody assay, the AxSYM gO. Significantly, the reactivities of specimens containing immunoglobulin elicited against HIV-1 group O and HIV-2 were greater in the AxSYM Combo than in the AxSYM gO, representing an improvement of antibody sensitivity in the combined format over that in the third-generation single-format antibody assay. The combined immunoassay readily detected all specimens from individuals infected with known or unknown HIV-1 group M subtypes and from patients in CDC stages A, B, and C. Reactivities for all samples were in excess of an S/CO ratio of 10.0, with the single exception of one strongly reactive specimen with an S/CO ratio of 6.42. These data are consistent with the observations of Ly et al. (16) indicating that the antibody sensitivity of the AxSYM Combo is equal to or greater than the antibody sensitivity of The specificities of the combined format for blood donor (99.87%) and diagnostic (99.90%) populations were nearly equivalent and met or exceeded the specificity characteristics usually associated with third-generation single-format antibody assays. In diagnostic populations, the AxSYM Combo outperformed the AxSYM gO, and the specificity of the combined format (99.90%) fell into the high end of the 95% confidence interval (99.55 to 99.97%) bracketing the specificity of the single-format antibody assay. In blood donors, the specificity of the AxSYM Combo was statistically equivalent to that of the AxSYM gO and fell into a narrow 95% confidence interval (99.83 to 99.97%) bracketing the specificity of the AxSYM gO. Only an additional 5 repeat-reactive specimens would be identified among 10,000 donor specimens when the combined format rather than the single-antibody format was used. The AxSYM Combo is an appropriate screening method for lowincidence populations (blood donors) because of the low rate of potential deferrals (the percentage of repeat false-reactive results was 0.13% among blood donors), and it is an appropriate diagnostic assay for higher-risk populations because of the low rate of false-reactive results (0.10% in a diagnostic population) coupled with excellent sensitivity and a high positive predictive value (10) . In contrast, Ly et al. (17) observed 99.51% specificity (29,657 specimens) for a commercial diagnostic combination assay in a survey performed with consecutive and unselected French samples in public and private laboratories. Numerous other reports indicate that the specificities of HIV combination assays appear to vary significantly (5, 12, 17, 23, 25, 28, 31, 32) . HIV combination immunoassays may suffer from a lack of specificity because each of the two individual formats (antigen detection or antibody detection) may elicit different negative population profiles (means and SD), may require different cutoff values for optimal sensitivity and specificity, and must necessarily utilize more reagents (e.g., antigens and monoclonal antibodies) in the combined format, providing additive contributions to nonspecific binding (12, 33 ; unpublished data). These factors must be reconciled in the combined format in order to achieve a specificity equivalent to or better than that of third-generation single-format antibody assays.
The AxSYM Combo is a highly sensitive, specific, and reproducible fourth-generation test that provides a clear sensitivity advantage over third-generation single-format antibody assays. Technical factors that may cause combination assays to be less sensitive or less specific than single-format assays have been overcome, resulting in an assay with a specificity suitable for screening (99.87%) or diagnostic (99.90%) purposes, an antigen sensitivity approaching that of single-format antigen tests, and an antibody sensitivity equivalent to that of a related third-generation HIV antibody assay. The AxSYM Combo received the EC Design Examination Certificate on 22 March 2002.
